It is well known that standard cells have been widely used to implement VLSI circuits in the automation of physical design. Since one major aim of a cell-based design is to minimize total layout area in a standard cell placement, the number of feedthrough cells will be minimized to reduce total cell area in a standard cell placement. In this paper, first, we model a partitioning-based row assignment (PRA) 
INTRODUCTION
It is well known that standard cells have been widely used to implement VLSI circuits in the automation of physical design. Due to inherent complexity of physical design in a standard cell design, this automation is further divided into two phases: placement and routing. In the placement phase, all the standard cells in a netlist are arranged within several horizontal rows with minimum wire length [1] [2] [3] [4] [5] [6] . Furthermore, in the routing phase, a global routing process adds feedthrough cells [6] [7] [8] [9] into cell rows to make all the global nets to be connected, 169 and a detailed routing process completes all the local connections in any channel by a detailed router. Although physical design in a cell-based design is divided into two continuous phases, these two phases are seriously relative. For a cell-based design, the routing configuration always depends on the placement result. For example, the number of feedthrough cells in a. standard cell placement is decided by the positions of the cells in the placement result. In Figure 1 , a graphical representation ofa cell netlist, a standard cell placement, and the insertion of a. feedthrough cell in this placement are shown. Since one major aim of a cell-based design is to minimize total layout area in a standard cell placement, it is important for the minimization of total layout area to minimize total cell area in a standard cell placement. Basically, the cells in a standard cell placement are divided into standard cells andfeedthrough cells. To our knowledge, standard cells are used to implement VLSI circuits in a circuit netlist. Hence, it is impossible that the number of standard cells in a cell netlist is minimized in the automation of physical design. In contrast, feedthrough cells are used to connect all the global nets in a standard cell placement. The number of feedthrough cells can be minimized to reduce total cell area by an optimal cell assignment in a standard cell placement. It is no wonder that a standard cell placement is in a linear multi-row structure. The connection of all the global nets in a standard cell placement is defined by the decision of a row ordering. Therefore, it plays an important role for the minimization of the number offeedthrough cells [3] [4] Figure (c) , the connection of a global net in a standard cell placement is obtained by the assignment of a feedthrough cell.
Given a row number K in a desired placement, based on the proposed partitioning-based approach, all the standard cells in a cell netlist are partitioned into K groups by using a multi-way area-ratio-constrained partitioning. Furthermore, the number of feedthrough cells will be minimized to reduce total cell area by using a partitioningbased row assignment in a standard cell placement. Basically, K cell groups in a multi-way area-ratio-constrained partitioning construct a separation graph for the PRA problem in a stand- For a 4-way area-ratio-constrained partitioning in a cell netlist, 4 cell groups and a mapped separation graph are shown in Figure 2 , where V is {vl, v2, 1;3, V4}, E is {(Vl, v2), (V1, V3), (Vl, V4), (V2, V3), (V2, V4) (V3, V4)} and w(el,2) 1, w (el,3) 2, w (el,4) 4, w (e2,3) 3, w (e2,4) 1, and w (e3,4) 5.
Due to a vertical linear structure in a standard cell placement, the PRA problem in a standard cell placement can be transformed into the problem of finding a linear embedding of a separation graph with minimum crossings. Hence, for a given graph, the crossing distance of any edge, and total If a separation graph G (V, E ) is not a complete graph, this graph will be firstly modified into a complete separation graph by adding zeroweighted edges. Hence, according to the computation of the edge weights of E {ei,j < i, j < n, < j} in G, the LE problem of minimizing total crossing distance for a separation graph is to find an permutation of V= {Vl, v2,..., Vn} on n consecutive locations { 1,2,..., n} with minimum total crossing distance.
xi,j--1, for <j < n,
Yi,j,k Yj, i,k, for l_<i,j<_n, < j, O < k < n, (4) For the constraints of this objective function, constraint (2) states that each vertex must be placed on one of n locations. In contrast, constraint (3) (6)- (7) denote a linear embedding relation between vi and vj with a fixed distance k. For a distance k, 0 < k < n/2, the number of the vertices the distance of which and vi is k is at most 2. In contrast, for a distance k, n/2 <_ k < n, the number of the vertices the distance of which and vi is k is at most 1. Finally, according to the distance of the locations of vi and v, constraint (8) For a separation graph in Figure 2 , this ILP formulation obtains a linear embedding (Vl, V4, Y3, v2) of (Vl, v2, v3, v4} , and the embedding is optimal. From a vertex ordering in (Vl, v4, v3, v2) , the minimum total crossing distance in (Vl, v4, v3, v2) 
